The subsolidus phase relationships in SijN4-A1N-rare-earth oxide ( M e 2 0 j where Me =Nd, Sm, Gd, Dy, Er, and Yb) systems were studied. Solidsolution regions with the cY-Si,N, structure were delineated along the Si3N4-"Me20,:9A1N" joins for all of the rare-earth oxide systems studied. The solubiliv limits of these solid solutions increased with decreasing size of the rare-earth ions.
under a pressure of 30 MPa in BN-coated graphite dies in a graphite resistance furnace under a mild flow of nitrogen. After hot-pressing, the furnace was cooled at a rate of =200"C/min in the hightemperature region. Average weight loss was lower than 2% for all of the runs. Temperature and time used for hot-pressing are End points for hot-pressing were obtained where no further phase change was in Table l ,n HE EXISTENCE of silicon nitride solid Tsolutions with the LY structure (a-sialon) has been reported by Jack and his associates. This series of solid solutions can be regarded as the stuffed derivatives of a-Si3N4 which is analogous to that of the stuffed derivatives of the S i 0 2 structure.' The concept of stuffed derivatives of the SiOz structure can be described as Al" ion substitution for Si4' ions in the SiO, structure; the charge deficiencies are compensated by locating large alkaline or alkaline-earth ions in the interstitial sites of the silica structure.
Single-phase a-Si,Na solid-solution compositions should be located in the composition triangle between sialon compo- The relative size of the rare-earth ions and the size of the interstitial sites in the a-silicon nitride structure should be a factor determining the solubility limit of the a-sialon solid solutions in systems containing different rare-earth ions. The a-Si3N4 solid s o l u t i o n s o n t h e j o i n Si3N4-Me20, : 9AlN containing Y203 have been reported previously by one of the autl~ors.~ This paper will discuss the results in Si3N,-AIN-Mez0, systems where "Me" is Nd, Sm, Gd, Dy, Er, and Yb.
SAMPLE PREPARATION
The starting powders used were Si,N, (LClO),* AIN,$ and rare-earth oxides. Since both the silicon nitride and the aluminum nitride powders contained oxygen as an impurity, the compositions studied should be regarded as richer in oxygen than the compositions on the plane Si3N4-AIN-Me2O3. The purities of the observed when specimens were heated for longer times.
RESULTS

Subsolidus Phase Relationships
Hot-pressed specimens were examined using X-ray diffraction with monochromated CuKa radiation. The results used to construct the subsolidus phase relationships are given in Table I . In these systems, the following compatibility triangles were observed for Si,N,-AINMezO, systems where Me=Gd, Dy, Er, and Yb: three-phase regions -(1 ) a - been observed. The X-ray patterns of these compounds are given in Table 11 . ' The subsolidus phase relationships in these two systems are similar to those of the other systems. However, in addition to the threephase and two-phase regions given above, the subternary system SizNzO*2Me20,-Me201-A1N was divided into two subternary systems: SizNZ0*2Me2Oi-AlN-AIN* Me2O3 and Si2Nz0.2Me2Oi-AIN*Me2O3-Mez03. The subsolidus phase diagrams of these systems are given in Fig. 3 .
a-Si,N, Solid Solutions
The a-Si3N4 solid solutions investigated in this study can be considered as solid solutions formed between Si3N4 and the composition "Mez03*9AlN" or "Me2,,(A13N30)" as mentioned in the previous section. Therefore, the solid solution of the a-SiiN4 structure in these systems can be written as Me,(Si,,-, s,yA14 sr)-(Nlh-l sxOl s,A i.e., Me,(Si, A l M N , Oh6.
As shown in Fig. 4 , the lower limits of the solid solutions for all rare-earth ions started at x=0.33 with the same hexagonal latti$e parameter of a=7.80 A and c=5.69 A. The upper limit of the a-SiiN4(s.s.) region increased as the size of the rare-earth ions became smaller. The values of x are plotted as a function of size of the rare-earth ions in Fig. 4 . The lattice parameters of the solid solutions at their upper solubility limits are given in Table 111 . It shows that the lattice parameters of the limiting compositions are almost the same for compositions containing different amounts of different rare-earth ions. These results indicated that the a-silicon nitride structure can only tolerate a certain amount of distortion. Figure 4 can be used to extrapolate solid solubilities for other rare-earth ions. However, it is not known whether this curve can be used to predict the solubility of alkaline-earth and alkaline metal ions in a-Si3N4 solid solutions.
